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NOMENCLATURE 
 HNH - High Nutrient Hybrid Genotype group of 7 hybrids used in study (Table 1). 
CH - Commercial Hybrid Genotype group of 6 hybrids (Table 1). OPV - Open-Pollinated 
Variety Genotype group consisting of 7 open-pollinated varieties (Table 1).  
TERMS 
Variety - A loose term to define a taxonomic rank below that of species and subspecies that 
has similar characteristics. 
Genotype - The genetic constitution of an individual organism, cultivar, plant introduction, 
or variety of maize. 
Plant Introduction - Plants or germplasm that was introduced to USDA either from a 
foreign country or from one region to other regions of the same country.  
Cultivar - A variety that is grown for production. 
Heterozygosity - The degree to which individuals possess different alleles at each genetic 
locus. Single-cross hybrids are more heterozygous than inbred lines. 
Homozygosity - The degree to which individuals possess the same allele at each genetic 
locus.  Inbred lines are more homozygous than hybrids. 
Inbred Line - A variety that was produced by multiple generations of pollination by related 
individuals.  Inbred lines are used as parent lines to create a hybrid in order to make use of 
hybrid vigor through heterosis. Inbred lines have high homozygosity. Usually lines 
considered parent lines have robust combining ability, meaning desirable linked traits 
combine well with other genotypes of the same species when crossed. Inbred lines are 
produced by pedigree, recurrent selection and backcrossing breeding programs and used to 
produce single-cross F1 hybrids.  
Hybridization - Mating or crossing of two plants or lines of dissimilar genotypes. In this 
study, hybrids are single-cross, F1 hybrids, that are desirable due to hybrid vigor resulting in 
superior crop yield and possibly other traits such as early germination. Hybrid breeding 
exploits heterosis, the phenomenon of a crossbred individual showing qualities superior to 
those of both parent lines. For the best results, parent lines are derived from different 
heterotic groups. For example, maize hybrids derived from the heterotic groups Iowa Stiff 
Stalk Synthetic and non-stiff stalk. Hybrids present a great advantage from a business 
perspective, as seeds of hybrid plants are highly heterozygous, resulting in wide variation in 
all agronomic traits including yield and grain quality reduction if the seeds produced by the 
hybrid are planted. As a result, producers must purchase hybrid seed each year to maintain 
economic viability. 
Single Cross Hybrid: A cross between two inbred lines. Example A X B.  
Pedigree Breeding - Consists of crossing parents and generating segregation populations, 
which are propagated through generations of self-pollination and selection, until a set of 
derived lines that combines the good characteristics of both parents is obtained (Breseghello, 
2013). This method is efficient for qualitative traits (such as protein and yield) because it is 
based on the complementation of traits.  
Recurrent Selection – A breeding method involving cyclical evaluation, selection and 
recombination of plants to produce populations with desirable characteristics.   
Backcrossing - The process of crossing a progeny with one of the original parents. The goal 
is to replace a specific undesirable allele with a desirable one while preserving other desired 
qualities. 
Open-Pollinated Variety- A variety that is propagated without controlling pollinations. 
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ABSTRACT 
 
 The value of organically produced maize (Zea mays L.) is increased as traits such as 
nutrient content are improved (Berzonsky, 2000). For example, maize with high methionine 
and lysine concentrations, both critical to egg, meat and general bird health, may have the 
potential to reduce at least some fraction of synthetic additives (Moore et al., 2008; 
Adeyemo, 2012). In most grain crops, the protein component is lower than what is needed to 
meet dietary requirements of humans and most other non-ruminants (Peterson, 2000). 
Modern maize breeding and selection for large starchy kernels may have contributed to 
reduced concentration of essential amino acids (Jaradat, 2013). For people in developing 
countries, plant products with dietary provitamin A carotenoids such as β-carotene, β-
cryptoxanthin, and α-carotene are the major sources of vitamin A (West and Darnton-Hill, 
2008). Organically produced nutrient-quality maize (NQM) may help alleviate human 
malnutrition and reduce the cost of organic feed. However, even if nutritional quality value-
added traits such as protein and carotenoids are determined to be stable in a genotype, the 
crop must be high yielding in order to compete in the marketplace. In this study we evaluated 
twenty genotypes of maize to determine if there is a correlation between protein, carotenoids 
and yield in hybrid and open pollinated (OP) varieties. Six of the twenty genotypes were 
hybrids developed under a pedigree breeding program for developing parent lines for organic 
corn production. The breeders selected specific germplasm from open-pollinated landraces as 
well as elite stiff stalk cultivars for performance, short season, high carotenoid and high 
protein content when grown under organic conditions. This group of genotypes is labeled as 
High Nutrient Hybrids (HNH). Seven of the twenty genotypes are high-yielding, certified 
organic commercial hybrid (CH) varieties grown in Iowa, Minnesota and Wisconsin. The last 
seven genotypes are open-pollinated varieties (OPV) selected for either their high yielding or 
high nutrient (protein and/or carotenoid) potential. We examined the variation in all twenty 
genotypes for carotenoid content, protein, starch, oil, density and grain yield in a replicated 
field trial experiment. New insights involving the relationship between pedigrees and yield 
were made. The HNH and OPV were found to contain a significantly higher protein content 
than the CH. The OPV Dziekuie contains a total-beta carotene content of two times the 
amount than the next highest in this study. CH genotype Viking® .90-.91, HNH pedigree 
PHK05.Ngor X LH119.LH123.11-2-2-4-2-1, and CH genotype Master Choice® 4050 
hybrids performed highest for yield. 
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INTRODUCTION 
 
Strengths and Challenges of Organic Production 
The 2016 USDA - National Agricultural Statistics Service (NASS) survey found that 
86,576 ha of certified organic corn for grain or seed was grown in the US yielding 8,037 
kg/ha for an estimated value of $164 million. In 2016, the yield for conventional corn was 
11,742 kg/ha (U.S. Department of Agriculture, 2016). According to the 2017 data from 
USDA ERS Feed Outlook, 46% of conventional corn was used for livestock, 28.9% for 
ethanol, 15.3% for export and 9.6% for food. The majority of organic corn production was 
used for feed with the remainder in food products with more than 90% of organic corn 
production used domestically (Ag Marketing Resource Center, 2018). 
The challenge of using certified organic farming practices is to maintain 
economically viable yields and provide quality grain while diminishing long-term 
environmental impact (Tilman et al., 2002). Organic farming has proven to improve different 
environmental and human components of the agroecosystem (Bulluck et al., 2002) and adds 
value. However, data from the 2011 USDA-NASS Certified Organic Production Survey show 
organic corn yields are 2757 kg/ha less than conventional yields (McBride and Greene, 
2015). 
There was a 69% increase in total organic crop production in the United States 
between 2008 and 2014. Between 2015 and 2016, the number of certified organic farms in 
the US increased by 11%; certified acreage increased 15%; and there was a sales increase of 
27% (Ag. Marketing Resource Center, 2017). Conventional grain corn sales only grew by 
7% in this timeframe (U.S. Department of Agriculture, 2017). The main reason organic 
returns are higher than conventional is because organic crops have a price premium 
(McBride et al., 2015). In October 2017, the price of organic corn was approximately $9 a 
bushel compared to slightly above $3 for conventional corn (Dietmann, 2017). Despite lower 
yields, the organic corn industry has been growing rapidly, with high consumer demand in 
the United States (Greene et al., 2017). 
Organic grain production systems provide different growing challenges than 
conventional systems. As a result, breeding under organic conditions may deliver varieties 
with traits enhancing the potential of success for organic farmers (Hubbard and Zystro, 
2016). Additionally, organic plant breeding requires a regulatory compliant approach. 
Though investments in organic breeding are increasing, they remain insufficient to meet the 
demand for organic production (Hubbard and Zystro, 2016). Between 2011 and 2015, 
funding for USDA’s Agriculture and Food Research Initiative (AFRI) increased by 23% but 
the percentage of AFRI funding dedicated to organic research averaged about 0.19% 
annually over the same period (Hubbard and Zystro, 2016).  
Organic production is most practical where crop pests are climatically limited such as 
in the Northern states (McBride and Greene, 2015). With the exception of California, the ten 
states with the greatest number of organic farms are located in the Northern states. Iowa, 
Minnesota and Wisconsin make up 37.25% of the organic corn grown in the United States.  
Consumers prefer organically produced food primarily because of concerns regarding 
personal health, the environment and animal welfare, and are willing to pay the price 
premiums at the retail level (Greene et al., 2016). For example, the average price premium 
paid above conventionally raised corn estimated from the 2010 Agricultural Resource 
Management Survey (ARMS) was $2.71 per bushel in the Lake States (Upper Midwest) and 
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$2.12 per bushel in the Northeast and $3.08 per bushel in other states. However, the average 
cost of organic production was lower in the Lake States and the Northeast compared to the 
Central, Southern and Western regions of the US resulting in similar net returns.  
The agronomic qualities for organic maize developed in the Northern US may also be 
well-suited for growing in sustenance farming production systems in developing countries 
whose farmers cannot afford or have access to chemical fertilizers and/or herbicides. 
Therefore, breeding crops that grow well in organic conditions may help farmers in 
developing countries.  
 
ORGANIC MAIZE BREEDING 
Open-Pollinated Maize 
An open-pollinated maize variety (OPV) in this study refers to a population with no 
controlled pollinations. The succeeding year's seed is obtained by saving seed from the 
current year's crop. Although there is an increasing adoption of hybrids in many developing 
countries, improved open-pollinated cultivars are still a viable and preferred option for many 
resource-poor farmers in the world (Pixley, 2006). In addition, they are preferred by some 
producers and processors. For example, 100% of the organic corn supplied to Buckwheat 
Growers Mill® in Wadena, MN (Central MN) is the open-pollinated landrace variety, 
Minnesota 13, because it yields well in this region and seed can be saved.  
However, open-pollinated varieties need agronomic improvements to compete with 
organic hybrids in the marketplace. Genetic resources for quality traits and relationships 
between and within groups of quality and agronomic traits are important because of 
diminished genetic diversity in maize landraces and open-pollinated varieties (Jaradat et al., 
2010). Therefore, it would be beneficial to evaluate agronomic performance of open-
pollinated varieties for nutrient quality and yield for organic production and use as parent 
populations to improve open pollinated varieties or organic hybrids.  
High yielding, certified organic open-pollinated varieties have agronomic potential 
for specialty markets (Samayoa et al., 2016). In an experiment containing 62 genotypes in 
groupings of single-cross, three-way, double-cross hybrid, and open-pollinated varieties in 13 
locations, slopes of linear regression analyses suggested that the open-pollinated cultivars 
held more stable grain yield potential than the hybrids and more protein (Pixley and 
Bjarnason, 2002). This may be because quality traits like protein concentration have been 
diluted in modern high-yielding varieties when compared to those of landraces and old open-
pollinated varieties (Seebaur et al., 2010). Further, open-pollinated landrace populations may 
contain traits related to nutrient quality that may be stabilized with classical breeding 
techniques (Jaradat et al., 2010). 
 
Carotenoids in Maize 
 Insufficient provitamin A (proVa) can result in blindness, impaired growth and 
development, lowered immunity and ultimately death (Underwood and Arthur, 1996). Nearly 
one in four adults over the age of 65 are at risk of developing age-related macular 
degeneration (ARMD) which gradually destroys the macula of the eye (Burt et al., 2013). 
Interest in dietary carotenoids comes from their antioxidant properties and the association 
between carotenoid deficiencies and many chronic human diseases. As maize is currently one 
of the most widely grown crops in the world, cultivars with an increased concentration of 
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proVa may help improve the health of millions who are vitamin A deficient and rely on 
maize as a staple food (Dhliwayo et al., 2014). 
Vitamin A occurs in food in two forms: 1. Preformed vitamin A or retinol (mainly 
retinyl esters) and 2. Provitamin A carotenoids, mainly β-carotene, β-cryptoxanthin, and α-
carotene which the body converts into retinol (Johnson et al., 2010). Preformed vitamin A is 
only found in animal based foods such as dairy products (milk, butter, egg yolk), liver and 
fatty fish (Ross, 2006). Provitamin A (ProVa) is mainly found in plant foods including dark 
leafy greens, carrot, ripe mango and papaya, pumpkin, yellow sweet potato and fruits (Ross, 
2010). Low cost ProVa carotenoids represent the major source of dietary vitamin A in the 
developing world among which β-carotene is the most ubiquitous and bioavailable of all of 
forms of vitamin A (West and Darnton-Hill, 2008).  
Carotenoids form a large group (>600) of yellow-red isoprenoid polyene pigments 
synthesized by all photosynthetic organisms (Fraser and Bramley, 2004). Carotenoids are 
derived from the isoprenoid biosynthetic pathway and are precursors of the plant hormone 
abscisic acid and of other apocarotenoids (DellaPenna and Pogson, 2006). Carotenoids 
lacking oxygen are termed hydrocarbon carotenoids or carotenes, for example β-carotene, α-
carotene, and lycopene. Those containing oxygen are known as oxocarotenes or xanthophylls 
such as lutein, zeaxanthin, and β-cryptoxanthin. (Burt et al., 2011, West and Darnton-Hill, 
2008). Lutein and zeaxanthin are commonly referred to as macular carotenoids because they 
have the potential to benefit human eye health by playing a protective role in the fovea of the 
ocular retina. High carotenoid poultry eggs have been identified as a good dietary source for 
the macular carotenoids lutein and zeaxanthin (Burt et al., 2013).  
Orange colored kernels in maize tend to have higher total carotenoid concentrations 
than lighter orange and yellow kernels. Researchers have had relative success with 
phenotypic selection for dark orange color which likely results in higher amounts of total 
carotenoids in the maize kernel as well as containing high heritability (Chandler et al., 2013). 
However, a study testing 228 maize inbreds found a weak correlation between orange kernel 
color and ProVa carotenoid concentration, showing R2 values at 0.1 (Harjes et al., 2008). 
Along with the dark orange color as an indicator for high total carotenoid concentration, 
testing each maize variety's carotenoid profile and breeding using HPLC may be required to 
assess its ProVa concentration accurately. 
 
Nutrient Quality Maize (NQM) 
 Maize provides about 20% of the world's food calories and 15% of all food-crop 
protein (National Research Council, 1988). As the organic industry grows, there is potential 
for organic corn breeders to meet demand for increasing the nutritional quality of organic 
grain in the United States as well as developing countries. Increasing the concentration of 
limiting essential amino acids through breeding and selection will increase the nutritional 
quality of maize (Jaradat et al., 2014). The protein of maize and of most cereal grains is 
deficient in the essential amino acids lysine and tryptophan (Bhatia and Rabson, 1987). 
Further, in periods of famine or economic stress, maize may be the only food available. 
Modified maize with increased protein content has helped in the recovery of malnourished 
children and other victims of protein deficiency (Pradilla et al., 1969, 1972).  
 The first limiting amino acid in maize is lysine and the second is tryptophan (Vasal, 
2004). The beginning of genetic manipulation of protein quality began with the discovery of 
high lysine mutant opaque-2 (o2) (Mertz et al., 1964). A year later another mutant, floury-2, 
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was discovered by Purdue University researchers (Nelson et al., 1965). These discoveries 
generated enthusiasm and paved the way for improving protein quality in maize. It was also 
found that these mutant alleles changed the protein quality of the endosperm and not that of 
the germ; and the phenotype of the mutants was easily recognizable from their soft chalky 
appearance (Vasal, 2004).  
 Nutritionally superior cereal grains can have an immediate impact on animal feeding 
and the feeding industry. Feeding animals with a complete protein containing more limiting 
essential amino acids has the potential to reduce protein supplements and the cost of the feed 
(Munck, 1972). However, the utility of NQM depends on productivity and production cost 
(Bhatia, 1987). Incorporating and stabilizing value-added nutritional quality traits in maize 
will be beneficial as long as the impact on yield is minimized. 
 The concept of genetic gain is defined as the mean change in performance of a 
population realized with each cycle of selection (Fehr, 1987). When selecting for yield alone, 
the genetic gain is always higher than when selecting for multiple characters or traits in 
addition to yield. Adding protein and carotenoid content to yield as selection criteria to yield 
slows down progress. This is also true of qualitative traits that control protein and essential 
amino acid content because of their low heritability (Rosales et al., 2011). Beta carotene 
content is also a quantitative trait (Dhliwayo et al., 2014). 
 
Objectives 
 The main objective of this study was to evaluate nutrient content and yield of twenty 
distinct genotypes of maize and determine their suitability for organic production. These 
evaluations were carried out in four locations in 2016 and two locations in 2017. For this 
study, nutrient content was defined as protein, oil, starch concentration and density as well as 
a carotenoid profile. Correlations among all traits and yield were examined. A secondary 
objective for this study was to compare nutrient content and yield among the following 
genotype groups: High-Nutrient Hybrids (HNH), Organic Commercial Hybrids (CH) and 
Open-Pollinated Varieties (OPV). Conclusions and recommendations regarding genotype 
selection for a high-nutrient, high-yielding organically produced maize crop will be guided 
by the results of this study. 
 
MATERIALS AND METHODS 
Germplasm Description 
 Twenty genotypes were selected for a multi-location replicated variety trial 
evaluating overall agronomic performance, protein and carotenoid concentrations when 
raised in organic production environments. Genotypes were selected based on performance in 
the Northern climate testing region of Northern Minnesota. These genotypes were classified 
into three groups: CH, HNH and OPV (Table 1). In the CH group, six commercial hybrid 
varieties from seed companies were chosen primarily for their high yield potential in the 
Minnesota/Iowa region, and secondarily for earliness. The HNH genotypes are experimental 
hybrids developed by Dr. Walter Goldstein's Mandaamin Institute using the pedigree 
selection method for inbred line development. In the HNH group, six experimental hybrid 
varieties were selected primarily for yield, and secondarily for high protein potential, high 
carotenoid potential and earliness. In the OPV group, five varieties were primarily selected 
for high-yield, and two primarily for their potential nutrient quality (Dave F12 and Dziekuje). 
The OPV were also selected for earliness as a secondary factor. Bejm, a Polish hybrid, was 
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selected primarily for its potential high carotenoid content because of its dark orange kernel 
color and secondarily for yield potential. Three varieties were primarily selected for nutrient 
content (Dave12, Dziekuje, and Bejm) while all of the other 17 varieties were primarily 
chosen because of their yield potential under organic production. 
 
Group of Commercial Hybrids (CH) 
Blue River® Hybrid 14A91 Maturity 82 days with excellent yield potential in northern environments. 
Blue River® Hybrid 06B21 Maturity  76 days, early hybrid and good emergence. 
Masters Choice® 4050 Semi-floury, high yielding for silage and grain, good emergence and 
seedling vigor, impressive late season staygreen and good stalk strength 
(Masters Choice, 2015). 
Viking .90-91 Hybrid 
Viking .85-90N Hybrid 
Viking .87-80 Hybrid 
Elite hybrid cultivars from Albert Lea Seed®, high yield potential and 
selected for earliness. .87-80 is an 80-day corn with excellent drydown.  
Bejm Polish semi flint/semi dent high yielding hybrid that has orange kernels. 
Grows well in short season environments. Seed provided by Frank Kutka in 
2016. 
 
Group of High Nutrient Hybrids (HNH) 
CG Wigor) 2009 
B276) tr-4 x Wigor 
BC1-2)-2 
Information from US National Plant Germplasm System: 
CG Wigor is an early European dent breeding population (that possibly originated 
from Wisconsin 25) improved by the University of Guelph Department of Plant 
Agriculture in Ontario with excellent general combining ability (GCA) (Lee, 
1999). Wigor and CG Wigor are available, open-source germplasm found in the 
GRIN database.  
(PHK05.Ngor)-7-2-
2)-1 x BS33 B.E. 2006 
B 191-4-2 
PHK05 is a yellow dent/flint highly inbred (PVP 8800001) cultivar derived from 
varieties CM7 x 051. It was developed in Ontario, Canada by Dupont-Pioneer. 
(Puskaric, 1989). BS33 B.E. 2006 is a soft kernelled, high carotenoid line derived 
by Walter Goldstein from the BS33(S) C5 population which is a synthetic derived 
from the population called Leaming by USDA and Iowa State University breeders. 
Nokomis Gold (Ngor) was derived from recurrent selection of southwestern 
Pueblo landrace (Hopi, Zuni and Navajo) flour corn at Michael Fields Agricultural 
Institute (MFAI) in southeastern Wisconsin (Jaradat and Goldstein, 2014) with 
similar contributions from Zuni Blue maize (PI 213799) and from Navajo Eagle 
maize (PI222285) with Aren's synthetic from Albert Arens of Hartington, NE. 
Nokomis Gold was released by Walter Goldstein of MFAI in Wisconsin (SARE, 
2000). It was identified as having a high, stable protein content, all three essential 
limiting amino acids and either opaque or translucent endosperm textures.    
PHK05.Ngor)-7-2-2 x 
LH119.LH132(2x)AR
21B)-15-2-7-3-6-1 
Information from US National Plant Germplasm System: 
'LH119' is an inbred cultivar developed by the Holden Seed Company (PI 
600954) that stems from pedigree B73 (2x) H93. B73 is used as breeding material 
Table 1. Three category groupings of 20 genotypes grown in the variety trial 
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selected from advanced recurrent selection population (C5) of Iowa Stiff Stalk 
Synthetic (BSSS) and H93 is a derivative of B37. PVP certificate was given to 
LH119 in 1983. 'LH132' resembles LH119 for maturity, plant type, ear type, 
kernel type and usage. LH119 and LH132 were crossed and made a population 
and selections were made for high performance. AR16021 is an Argentine 
population derived from Argentinean Cateto flint accession ARZM 16035 (PI 
516036; landrace Cristalino Colorado). This was a very high-producing landrace 
under combination tests with SS and non SS in Iowa (Salhuana et. al., 1988). 
which was crossed with B73 to make AR21B. AR21B was crossed with 
LH119xLH132, and then backcrossed with LH119xLH132 while being selected 
for protein quality and yield in a pedigree inbreeding program. 
CG SS (RRS) C5 x 
LH119.LH132(2x)AR
21B)-15-2-7-3-3)-1 
CG SS (RRS) C5 (PI 613072) is a population derived from crossing 18 elite 
inbreds all from the stiff stalk (BSSS) heterotic pool.  Co263 was used to convey 
earliness. Breeding was done at Guelph University, Ontario, Canada, by L. 
Kannenberg. It comes from the SS heterogeneous group and selected for earliness 
and yield. 
(PHK05.Ngor)-7-2-2 
x 
LH119.LH132(2x)AR
21B)-15-2-7-3-3-3 
HNH experimental hybrid tested in this study developed by Dr. Walter Goldstein 
using similar inbred parent lines described above in pedigree selection for yield, 
protein and carotenoid content.  
(PHK05.Ngor)-7-2-2 
x 
LH119.LH132(2x)AR
21B)-11-2-2-4-2)-1) 
HNH experimental hybrid tested in this study developed by Dr. Walter Goldstein 
using similar inbred parent lines described above in pedigree selection for yield, 
protein and carotenoid content. 
  
Group 3: Open-Pollinated Varieties or OPV 
Dziekuje 
pronounced 
Jeng-KOO-yeh 
This composite includes colored selections from crosses between Cateto and orange flints 
from Argentina, Chile and Uruguay with northern flints from North America and Europe; 
early orange flints from South America; selections from early orange flints from Turkey 
and Afghanistan and a selection from a cross between an early northern flint line and an 
Oh43 descendant that was very orange. 
Pete Seeger This is a synthetic variety formed from inbred lines selected from a number of classic 
northern flint varieties from the USA and Canada. Parents came from the region from 
Colorado and Montana in the West to Rhode Island and New Brunswick in the East. This 
is an open-source seed bred by Dr. Frank Kutka. 
Dave F12 An open pollinated population containing traits for high protein developed Dave 
Christiansen in Montana. It matures in less than 70 days with small ears. 
• Kucyk Early  
 RX 2300 Flint 
• Wapsie 
Valley  
•Dublin 
These three varieties were released by Victor Kucyk of Dublin, ON. Wapsie Valley is an 
85-day corn that traces back to Adoulf Steinbronn of Fairbanks, Iowa. It is 2.9m tall, with 
red and yellow colored flinty kernels. Dublin is an 86-day corn at 3m and high yield 
potential. Kucyk Early RX 2300 is a flinty 75-day corn. These populations are bred in 
organic conditions. 
Minnesota #13 This landrace yellow dent corn from Minnesota is still grown widely in the region for 
organic production. We obtained seed from Rich Holman in Wisconsin who has been 
selecting for earliness and yield. 
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 The seven genotypes in the CH genotype group are certified organic. All of the HNH 
genotypes were bred on certified organic fields in Lake Geneva, WI. Certified organic OP 
seed from Green Haven Seed Company includes: Wapsie Valley, MN 13, and RX 2300. All 
other OP seed is not certified organic but were produced without the use of pesticides or 
other chemicals. 
 
Experimental Design and Field Procedures 
 Production methods differed by location as described below.  
 
Table 1.1 Organic Production Methods at Each Planted Location 
Operation Location, Date and Abbreviations for locations:  Ponsford, 
MN - P; Ashby, MN - AS; Lake Geneva, WI - LG; Ames, 
IA - AM. 
Crop Rotation P - 2016 - previous crop: black beans; 2017 - no previous crop 
AS - 2016 previous crop: squash; 2017 - previous crop: tomato 
LG - previous crop: alfalfa and grass (orchard and quack) 
Spring Seedbed preparation – Tillage 
differences among sites with dates 
P - 12, 17, 21 May 2016; 3, 14, 16 May 2017  
AS - 15 May 2016; 19 May 2017 
LG - Chisel plow sweeps in April followed by two diskings 
and one harrowing with a drag 
Added Nitrogen Fertilizer Sustane® 
Granulated Slow Release 6-1-3 
Rate: 8.3g N/m2 
P - 12, 17, 21 May 2016; 3, 14, 16 May 2017 
Hand Corn Planting  P - 22 May 2016; 18 May 2017 
AS - 20 May 2016; 16 May 2017 
Corn Planting with 2-row cone seeder 
on a John Deere Maxemerge®  planter 
LG - 15 May 2016 
AM - mechanical seeding both years 
Warm season cover crop - Red clover P - July 5, 2016  
Herbicides applied None for all environments 
Broadcasted pelletized composted 
poultry manure - 4-5-3 Ag Resource Inc. 
P - 20 April, 21 June 2016; 28 April, 15 June 2017 
Composted Cow Manure  AS - May 2016; May 2017 
Organic Calcium Nitrate  P - 20 April, 21 June 2016; 28 April, 15 June 2017 
Cultivation - Light tilling between rows P - 2, 23 June, 11, 27 July 2016; 5 June, 1, 16 July 2017 
Cultivation - Hand weeding in rows  P - 2, 23 June, 12, 27 July 2016; 5 June, 1, July 2017 
AS - 4x June - July 2016; 4x June - July 2017 
Cultivation - 2-row John Deere®  
cultivator with Danish Tines 
LG - 2016 
Hand Harvest P - 14 October 2016; 18 October 2017 
AS - 8 October 2016; 11 October 2017 
LG - 28 September 
Winter Cover Crop - Rye, Vetch and   
and broadcast Tillage radish 
P - 28 August 2016; 3 September 2017 
 
 In 2016, 20 varieties of maize were planted in two randomized complete blocks at 
each of four locations to determine yield, nutrient concentration and agronomic performance. 
Each variety was grown in two adjacent rows within in each randomized complete block 
totaling 40 rows per block, 80 total rows. Two border rows surrounded each replicated block. 
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All entries were grown with 5.3m rows and 76.2 cm spacing between rows. Seeds were 
planted 17.7 cm apart within each row totaling 30 seeds per row. 
The four locations were Ponsford, MN (Northwest Minnesota), Ashby, MN (Central 
Minnesota), Lake Geneva (South Central Wisconsin) and Ames, IA (Central Iowa). The 
Ames and Lake Geneva sites were planted on certified organic fields. The Ponsford and 
Ashby locations were not certified organic sites; however, crop fertilization and weed control 
were organically compliant (methods described in Table 1.1). All genotypes were harvested 
and ears from each plot were bulked, except at the Ponsford2016 environment, where the two 
replicate plots were bulked together. The weight of the ears was determined immediately 
after harvest and dried to 15.5% moisture. At the Ponsford and Lake Geneva, the ears were 
dried in a corn drier at approximately 80 degrees. In the Ponsford location, a 42" Comfort 
Zane fan was used to speed drydown. At the Ashby location, ears were dried in a greenhouse. 
After shelling the kernel weight was determined and used in calculating yield. Moisture 
content was predicted by a Foss Infratec 1241 spectrometer (Hillerød, Denmark) 2-3 weeks 
after kernels were shelled. We calculated mass of dry matter per area using the following 
equation: (1 - grain moisture %) x kernel weight x percent dry matter = mass of dry matter 
per plot area. Dry matter per area was then converted to 15.5% moisture: (divided by .845) = 
mass of grain per area (Lauer, 2002). 
 For the carotenoid profile analysis, each genotype was bulked across all four of the 
locations in 2016 and again for the two locations grown in 2017 to give one bulk of each 
genotype for each year resulting in a complete carotenoid profile for the 2016 and 2017 trials 
for all 20 varieties. 
 
Statistical Analysis 
 In order to understand data variation, we examined distributions of grain yield, 
protein, oil, starch and density across all genotypes (Figures 1,2,3). To determine the 
contributions of the experimental treatments to the variance observed, an analysis of variance 
(ANOVA) was performed using JMP Pro 13.1.0 (SAS Institute®, 2016). Variance was 
partitioned using the following linear model: Yij = µij + Gi + Ej + (GxE)ij + eij in which Yij 
represents the observed yield value for each experimental unit, µ represents the grand mean, 
Gi represents the Genotypes, Ej represents the Environments, and (GxE)ij represents the 
interaction effect between the ith Genotype and the jth Environment and eij is the unexplained 
variance for ith Genotype and the jth Environment. The Genotype, Environment and GxE 
interaction model terms were fit as fixed effects.  Data were fit to the model using least 
squares means fitting and the significance of the effects in the model was tested using F-tests. 
Table 2 shows a linear modeling analysis results of all genotypes for these effects. 
 The twenty genotypes in the variety trial were devided into three genotypic groups 
(CH, HNH and OPV, Table 1). LSMeans Contrasts were made between each genotypic 
group using JMP and linear model analysis (Table 3). The means shown in this table were 
calculated from the values of all genotypes in the group. Means for each group were 
compared. The linear model described above was used to determine the likelihood that the 
yield variation among genotypes was due to chance (Table 2). 
 Two carotenoid profiles (one from each year) were averaged for each of the 20 
genotypes (Table 4). These data reveal potential dietary vitamin A levels showing 
hydrocarbon carotenoids or carotenes (e.g., β-carotene, α-carotene), oxocarotenes or 
xanthophylls (e.g., lutein, zeaxanthin, and β-cryptoxanthin) important for human eye health, 
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as well as total beta-carotene and theoretical Vitamin A content. A one-way ANOVA was 
performed in JMP to determine significance between the tests in 2016 and 2017 for lutein, 
zeaxanthin, β-cryptoxanthin and total beta-carotene (Table 5). The trait zeaxanthin was 
chosen (Figure 4) to visually demonstrate the carotenoid profiles of 2016 and 2017 and the 
OPV Dziekuje values as compared to the other project genotypes.  
 A multivariate analysis was performed using the Pearson Product-Moment 
Correlation to observe correlations between traits in the three genotypic groups and among 
themselves (Table 6). Yield Protein was calculated by yield (Mg/ha) x Crude Protein 
concentration (percentage). Yield carotenoid content was calculated by yield (Mg/ha) x 
Theoretical Vitamin A (µg/g). Yield Carotenoid/Protein content was calculated by yield 
(Mg/ha) x Theoretical Vitamin A (µg/g) x Protein % in µg/ha (Table 7). 
 
Lab Methods 
 Near-infrared Spectroscopy (NIRS) enables quick, inexpensive and precise prediction 
of corn-grain constituents (Hurburgh, 1988). NIRS was used at Iowa State University to 
predict protein, oil, starch, density and moisture content for all genotypes using a calibration 
developed at Iowa State University and provided by Dr. Charles Hurburgh. Each replicated 
plot was tested, except in Ponsford2016, where the two replicated plots were bulked together. 
There were 11 samples per genotype for the six environments, totaling 219 samples.  The 
genotype, Pete Seeger, did not produce any yield in Ponsford2016.  
 
Carotenoid concentrations 
 Carotenoid analysis was performed in 2016 and again in 2017. Bulked samples from 
each genotype were represented by 50 kernels per entry. Carotenoids were released from 
finely ground dried maize grain samples by ethanol extraction.  Samples were then 
saponified, followed by hexane extraction of the carotenoids. Carotenoid separation and 
quantification were done using high-performance liquid chromatography with a C30 column 
(YMC Carotenoid S-5 4.6 x 150 mm) attached to a C30 filter insert (YMC Carotenoid 5u, 4 
x 2). Lutein, zeaxanthin, β-cryptoxanthin and all-trans- β-carotene were identified through 
their characteristic UV/Vis spectra. Total proVA content (ug g-1) was calculated for each 
sample as the sum of β-carotene plus one-half of β-cryptoxanthin; therefore, there was a 
natural correlation of total BC and proVA (Dhliwayo et al., 2014). 
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RESULTS 
Data distributions among genotypes 
 Distributions of yield, protein, oil, starch and density are displayed in graphs (Figures 
1-3) to illustrate the variation in these traits in the three genotypic groupings, C. Hybrids, HN 
Hybrids and OP Varieties. Figure 1 shows a relatively low concentration of protein and oil in 
the C. Hybrid distribution when compared with the other genotypes. Figure 2 shows that the 
HN Hybrid genotype group is generally high in protein and oil while low in starch and 
density. Figure 3 shows OP Varieties are high in protein, centrally distributed for oil and 
starch and generally high density, but low in yield. Mean values of yield, protein, oil, starch 
and density in the six environments are displayed in Table 8. 
 
Is the variation due to chance? 
 A one-way ANOVA of Yield, Protein, Starch, Oil, Density by genotype, was 
performed (Table 9).  The mean values for each genotype are displayed as graphs (Figures 6-
10) to visually illustrate the variation of traits in the three genotypic groupings, C. Hybrids, 
HN Hybrids and OP Varieties. All effects were significant at α=0.05 for all traits, indicating 
the observed variation is unlikely to be due to chance. 
 
How is the variation partitioned? 
 Having established that the variation in yield, protein, starch, oil and density is 
unlikely to be due to chance, we next carried out a linear modelling analysis to predict how 
the variance was partitioned among the effects of Genotype, Environment and GxE (Table 
2). For all effects, the RSquared value is close to 1, meaning that most of the variance is 
explained by the model. The p-value of all these data are below the 0.05 threshold for 
significance for all traits, indicating the contribution of each effect to the total variance was 
unlikely to be due to chance.   
 The genotype effect is significant, indicating that genotypes performed differently in 
from each other. This is not surprising given the diversity of germplasm in the study.   
 The Environment effects for yield, protein, starch, oil were significant. This is not 
surprising because there were different abiotic factors influencing each environment such as 
precipitation, weed pressure, animal damage, and planting date. Additionally, at the Ames 
and Lake Geneva locations the seed was mechanically planted while at the Ponsford and 
Ashby locations the seed was hand planted. Additionally, the Ashby location used a no-till 
hay mulch method on one of the plots. The environments ranged from latitude 47.03 in 
Ponsford, MN to 42.03 in Ames, IA. This difference in heat degrees and other factors 
affected the phenotype of the plant and yield of each genotype. 
 The GxE effect is significant, suggesting each genotype's performance cannot be 
predicted across environments. This could be an indication that there are different degrees of 
adaptation of the genotypes to the environments of the study. 
 Mean yield (Mg/ha) for each environment is displayed in Table 10. Ashby2016, 
Ashby2017, and Ponsford2016 all had significant bird damage to ears before harvesting. The 
mean yield of these three environments was 2.51 Mg/ha and differs significantly at α=0.05 
from the mean of the other three environments (5.39 Mg/ha).  One possible explanation is 
that these locations differed in pest damage (data not shown). Table 11 displays protein 
levels for each environment. Although there was some variation in protein content between 
the lowest amount in Ames2016 at 9.1% and the highest protein environment in 
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LakeGeneva2016 at 11.9%, there is no known reason for the differences in mean protein 
content between environments. 
 
Carotenoid Analysis 
 A One-Way ANOVA was performed for lutein, zeaxanthin, β-cryptoxanthin and total 
BC by genotype (Table 5) in ug VA/g considering the 2016 and 2017 carotenoid 
concentrations to be replications. The ANOVA is significant at α=0.05 for all tests except for 
α-carotene. ANOVA was not performed on α-carotene because there was no α-carotene 
detected in any of the CH genotypes (except for Bejm) in the 2017 carotenoid profile. This 
was treated as missing data since it was unclear if the test for this carotenoid failed or if the 
value was below the limit of detection.  
 One of the OPV with a dark orange color, Dziekuje, performed well above the rest of 
the genotypes. Its mean beta carotene content for 2016 and 2017 tested at 2.6 ug VA/g and its 
theoretical Vitamin A at 4.35 ug VA/g content (Table 4). This is more than double the 
amount from the next highest variety, which was Bejm at 2.0 ug VA/g (Table 4). Further 
research is needed to determine where these traits reside in the genome to determine if they 
can be used to increase carotenoids in other maize lines. Bejm, the Polish hybrid, also has a 
strong orange color performed better the rest of the genotypes in the CH group. The Bejm 
and Dziekuje samples  did not fit the model well. Their studentized residuals were greater 
than 3.5, and therefore the outlying samples were taken out of the mean carotenoid profile. 
Bejm was the only flint type maize in group 1 not produced in the United States. The 
Zeaxanthin content for the germplasm Dziekuje was 18.80 ug VA/g, nearly double of the 
next highest germplasm for Zeaxanthin, which was HNH PHK05.Ngor X BS33 B.E. 2006 
191-4-2 (Table 4). Zeaxanthin is linked with darker orange color pigment while lutein is 
found in yellow kernels (Burt et al., 2011). It is interesting to note that Dziekuje is the only 
genotype in this study with a higher zeaxanthin than lutein amount.  
 
Are there significant differences among germplasm groups in the study? 
 Means were contrasted between four germplasm groups, CH, HNH, OPV and All 
Hybrids (mean of CH and HNH) for yield, protein and starch with a LSMeans contrast 
(Table 3). The significance threshold for all LSMean Contrasts is 0.05. For yield, the p value 
was 0.0147, indicating the variation in genotypes is unlikely to be due to chance. The 
difference between the CH and HNH in mean yield was 0.8 Mg/ha. CH performed better for 
yield at 4.96 than the HNH at 4.16 Mg/ha. 
 The p-value of the contrast between All Hybrids and the OPV for yield is 0.0003 
which is a significant at α=0.05. The difference was 1.396 Mg/ha with the All Hybrids 
performing better for yield than the OPV genotype group. 
 The low p-value indicates both the HNH when compared to the CH and the OPV 
when compared to all hybrids have higher protein content than their competitors. There was 
no significant difference in protein between the HNH and OPV with a p-value of a 0.8. The 
CH showed a greater percentage of starch than the HNH, and all of the hybrids grouped 
together had a greater percentage of starch when compared to the OPV. 
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What is the relationship between different traits in the study? 
 Correlations between the traits are displayed on Table 6. The strongest significant 
correlation (between values that are not within the carotenoids) is a negative correlation 
between protein and starch at -0.7749. This would imply that the more protein content in a 
kernel, the less starch. Starch and oil are observed to have a negative correlation at -0.64. 
This is interesting as oil and protein have a weaker correlation at 0.23. Starch and α-carotene 
have a negative correlation. Density and oil as well as Density and lutein have a very similar 
negative correlation at -0.28. It is very interesting to observe which carotenoids are correlated 
and which are not. There are no negative correlations among the carotene profile. Both total 
BC and β-cryptoxanthin are highly correlated to the theoretical Vitamin A or Ug VA/g. It is 
interesting to note that out of the oxocarotenes or xanthophylls (e.g., lutein, zeaxanthin, and 
β-cryptoxanthin) only zeaxanthin and β-cryptoxanthin are correlated to total BC and hence 
VA/g, as well as with each other and not lutein. Correlation results between carotenoids 
should be interpreted with caution because some of the correlations are due to mathematical 
relationships between traits; for example, total BC is the sum of all BC compounds, 
therefore, high correlations would be expected for total BC and abundant BC compounds.   
 
How do the genotypes compare when protein and carotenoid concentration are 
presented on a per land area basis? 
 Protein and theoretical Va content (calculated by taking the sum of β-carotene plus 
one-half of β-cryptoxanthin) are multiplied by yield to determine the concentration on 
nutrients on a per land area basis (Table 7). The top four genotypes that performed highest 
for Carotenoid x Protein x Yield are Dziekuje (1.830 µg/Ha), Bejm (1.114 µg/Ha), .90-.91 
Viking Hybrid (1.109 µg/ha) and PHK05.Ngor X BS33 B.E. 2006 191-4-2 (.8289 µg/ha). 
Yield for genotype Dziekuje was 3.60 Mg/ha, ranked 12th out of 20 genotypes, and fell 
below the mean yield (Figure 6) for all genotypes. The reason that genotype Dziekuje was 
able to make it to number one for Carotenoid x Protein x Yield was mainly because of its 
high ProVa content. The genotype with the highest Protein yield is PHK05.Ngor X BS33 
B.E. 2006 191-4-2 at 646.46 kg/ha. 
 
DISCUSSION 
 Among themselves, the OP Varieties in this study expressed considerable variability 
shown by a p value of .74 (Table 12). Even though the OPVs were treated as a group, they 
were individually chosen for specific reasons. For example, OPV Dziekuje was chosen for its 
dark orange color for potential carotene content and Dave F12 was chosen for its possible 
high protein content. Despite this fact, the OPs generally held a few commonalities. They 
generally did not yield as well as the other genotype groups. Wapsie Valley was the highest 
yielding of the OPV genotypes at 3.71 Mg/ha (Figure 6, Table 8).   
 The HNH genotypes were the only genotype group selected for having a potential 
high carotene content based on the orange kernel color in the genotypes used in producing 
these pedigrees. The HNH group performed better on average for oxocarotenes or 
xanthophylls (e.g., lutein, zeaxanthin, and β-cryptoxanthin) when compared to the other two 
genotype groups (Table 4). The HNH hybrids have a shiny yellow color, and do not dent as 
much as the CH. The mean lutein content for the HNH is 15.94 µg VA/g. OPV Dave F12 
also has a distinct yellow color, yet its lutein content is much lower at 9.27 µg VA/g. This 
data shows that lutein is not always correlated with the color yellow. 
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 Further phenotypic experimentation with yellow pigment maize should be done to 
determine if there is a subtle shade of yellow color that correlates to lutein. The CG SS x 
LH119.LH132.15-2-7-3-3-1 and the .90-.91N Viking Hybrid genotypes should be studied 
more since they exhibited the highest lutein content of genotypes tested. 
 The .90-.91N Viking Hybrid from the commercial hybrid group produced the highest 
mean yield at 6.74 Mg/ha per plot, the greatest lutein content at 18.39 ug VA/g and most total 
BC at 1.87 µg VA/g after the Bejm Hybrid and Dziekuje OP. The .90-.91N Viking Hybrid  
also has a high starch value of 70.98% but a low protein profile of 8.80% (Table 8). 
 The HN hybrid, PHK05.Ngor X LH119.LH132.11-2-2-4-2-1 had the highest 
performing yield in the HNH group and was the second highest yielding variety out of all the 
genotypes at 5.92 Mg/ha. Protein concentration was high at 10.92% (Table 8). The HNH 
group performed better on average for oxocarotenes and xanthophylls, but was 
indistinguishable from the CH group for total beta-carotene. The HNH group performed 
comparatively well to the CH group for yield, yet overall had a higher protein content (Table 
3). 
 It appears that the high density in the open-pollinated varieties may be one of the 
causes of the skewing of the the density distribution data. The OP varieties had a higher 
amount of protein (11.35%) than the hybrids tested (9.75%) (Table 3). 
 
CONCLUSION 
 When maize nutrient content and yield were analyzed in four locations from randomized 
plots, we have shown that there is a strong negative correlation between starch and protein at -0.77. 
We found no significant correlation of yield with protein or any other trait. Dark orange kernel color 
was shown to be correlated with zeaxanthin and total BC. Yellow kernel color was not found to be 
correlated to lutein, and the lutein trait has not shown to be correlated with other oxocarotenes, 
zeaxanthin and β-cryptoxanthin. The HNH protein content (11.39%) was found to be higher than the 
CH (8.11%). The OPV protein content (11.35%) was higher than all hybrid varieties tested (9.75%). 
The order of highest yielding varieties for the top four genotypes was: .90-.91N Viking Hybrid, 
(PHK05.Ngor)-7-2-2 x LH119.LH132(2x)AR21B)-11-2-2-4-2)-1), Master Choice 4050, and .85-
.90N Viking Hybrid. 
The order of highest concentration of Protein Yield for the top four preforming genotypes 
was the following: PHK05.Ngor X LH119.LH123 11-2-2-4-2-1 (646.46 kg/ha), .90-.91N Viking 
Hybrid (593.12 kg/ha), .85-.90N Viking Hybrid (524.65 kg/ha) and Bejm Hybrid (513.95 kg/ha). 
Carotenoid Yield concentration was highest in genotypes Dziekuje (1.830 ug/ha), Bejm Hybrid 
(1.114 ug/ha), and .90-.91N Viking Hybrid (1.108 ug/ha). The theoretical Vitamin A was highest in 
Dziekuje and Bejm genotypes. Although their yield was low, they outperformed the other genotypes 
in terms of carotenoid content. This research supports the need for continued maize breeding under 
organic conditions that integrates yield and nutritional content to improve organic food and feed. 
 
 
 
 
 
 
 
 
		
14 
 
 
 
REFERENCES 
Agricultural Marketing Resource Center (AMRC). 2017. Organic corn profile. Available at: 
https://www.agmrc.org/commodities-products/grains-oilseeds/corn-grain/organic-corn-profile/. 
AMRC, Iowa State University, Ames, IA. 
 
Adeyemo, G.O. 2012. Performance of broiler starters fed varying levels of dietary methionine. Int. J. Agric. Sci. 
2:143–148. 
 
Bhatia, C.R., and R. Rabson. 1987. Relationship of grain yield and nutritional quality. p. 11–43. In R.A. Olson 
and K.J. Frey (ed.) Nutritional quality of cereal grains: Genetic and agronomic improvement. Agron. Monogr. 
28. ASA, CSSA, and SSSA, Madison, WI. 
 
Berzonsky, W. A., H. W. Ohm 2000. Breeding Cereal Small Grains for Value-Added Uses. In: C. F. Murphy, 
D. M. Peterson, editors, Designing Crops for Added Value, Agron. Monogr. 40. ASA, CSSA, SSSA, Madison, 
WI. p. 103-145. doi:10.2134/agronmonogr40.c6 
 
Breseghello, Flavio 2016. Traditional and Modern Plant Breeding Methods with Examples in Rice (Oryza 
sativa L.) Journal of Agricultural and Food Chemistry. pubs.acs.org/JAFC. American Chemical Society 
dx.doi.org/10.1021/jf305531j | J. Agric. Food Chem. 2013, 61, 8277−8286 
 
Bulluck III, L.R., Brosius, M., Evanylo, G.K., Ristaino, J.B., 2002. Organic and synthetic fertility amendments 
influence soil microbial, physical and chemical properties on organic and conventional farms. Appl. Soil Ecol. 
19, 147–160. 
 
Burt, A. J., C. M. Grainger, M. P. Smid, B. J. Shelp, and E. A. Lee. 2011. Allele Mining of Exotic Maize 
Germplasm to Enhance Macular Carotenoids. Crop Sci. 51:991-1004. doi:10.2135/cropsci2010.06.0335 
 
Burt, A. J., L. Caston, S. Leeson, B. J. Shelp, and E. A. Lee. 2013. Development and Utilization of High 
Carotenoid Maize Germplasm: Proof of Concept. Crop Sci. 53:554-563. doi:10.2135/cropsci2012.02.0069 
 
Chandler, K., A. E. Lipka, B. F. Owens, H. Li, E. S. Buckler, T. Rocheford, and M. A. Gore. 2013. Genetic Analysis of 
Visually Scored Orange Kernel Color in Maize. Crop Sci. 53:189-200. doi:10.2135/cropsci2012.02.0129 
 
DellaPenna D, Pogson BJ. 2006. Vitamin synthesis in plants: tocopherols and carotenoids. Annu. Rev. Plant 
Biol. 2006:57:771-38. US National Library of Medicine. PubMed.gov 
 
Dhliwayo, T., N. Palacios-Rojas, J. Crossa, and K. V. Pixley. 2014. Effects of S1 Recurrent Selection for 
Provitamin A Carotenoid Content for Three Open-Pollinated Maize Cultivars. Crop Sci. 54:2449-2460. 
doi:10.2135/cropsci2013.11.0764 
 
Dietmann, P. Plan Now to Manage Risk During Organic Transition. Organic Broadcaster. Volume 25 | Number 
6 Midwest Organic &Sustainable Education Service November | December 2017 
 
Fehr, W.R. 1987. Principles of cultivar development. Vol.1 Theory and Technique. Macmillan, New York. 
 
Fraser, P.D.,  Bramley, P.M. 2004. The biosynthesis and nutritional uses of carotenoids. Progress in lipid 
research, vol 43, no. 3, pp. 228-65. DOI: 10.1016/j.plipres.2003.10.002 
 
Greene, Catherine, Wechsler, Seth J. Adalja, Aaron and Hanson, Aaron. 2016 Economic Issues in the 
Coexistence of Organic, Genetically Engineered (GE), and Non-GE Crops USDA, Economic Research Service, 
February 2016 
 
		
15 
Harjes, C.E.,  T.R. Rocheford,  L. Bai,  T.P. Brutnell,  C.B. Kandianis,  S.G. Sowinski,  A.E. Stapleton,  R. Vall
abhaneni,  M. Williams,  E.T. Wurtzel,  J. Yan, and E.S. Buckler. 2008. Natural genetic variation in lycopene 
epsilon cyclase tapped for maize biofortification. Science 319:330–333. doi:10.1126/science.1150255 
 
Hubbard K., Zystro J. State of Organic Seed. 2016. Organic Seed Alliance http://stateoforganicseed.org/wp-
content/uploads/2017/01/SOS-2016-report-FINAL-DIGITAL.pdf 
 
Hurburgh Jr., C. R. 1988. Moisture and composition analysis in the com and soybean market. Cereal Foods 
World 33(6):503-505. 1989. The value of quality to new and existing com uses. ASAE Paper No. 89-6016. St. 
Joseph, Mich.: ASAE.  
 
Jaradat, A.A., W. Goldstein, and K. Dashiell. 2010. Phenotypic structures and breeding value of open-pollinated 
corn varietal hybrids. Int. J. Plant Breed. 4:37–46. 
 
Jaradat, A. A., and W. Goldstein. 2013. Diversity of Maize Kernels from a Breeding Program for Protein 
Quality: I. Physical, Biochemical, Nutrient, and Color Traits. Crop Sci. 53:956-976. 
doi:10.2135/cropsci2012.07.0437 
 
Jaradat, A. A., and W. Goldstein. 2014. Diversity of Maize Kernels from a Breeding Program for Protein 
Quality: II. Correlatively Expressed Functional Amino Acids. Crop Sci. 54:2639-2662. 
doi:10.2135/cropsci2013.09.0615 
 
Johnson E.J., Russell R.M. 2010. Beta-Carotene. In: Coates PM, Betz JM, Blackman MR, et al., eds. 
Encyclopedia of Dietary Supplements. 2nd ed. London and New York: Informa Healthcare; 2010:115-20. 
 
Lee, Elizabeth A. 1999. University of Guelph. GRIN taxonomy. US National Plant Germplasm System. 
Narrative. https://npgsweb.ars-grin.gov/gringlobal/accessiondetail.aspx?1597796 
 
Lauer, Joe. 2002. Methods for Calculating Corn Yield. Field Crops 28.47.33 University of Wisconsin 
Agronomy Department. Agronomy Advice (Jan 2002) http://corn.agronomy.wisc.edu 
 
Masters Choice 2015 Tech sheets mc4050. Seedcorn.com. 305 West Vienna Street. Anna, IL 62906 
http://seedcorn.com/wp-content/uploads/2015/09/2015-Tech-Sheets-mc4050.pdf 
 
McBride, W. and Greene, C. 2015. Despite profit potential, organic field crop acreage remains low. USDA 
Amber Waves. http://www.ers.usda.gov/amber-waves/2015-november/despite-profit-potential,-organic-field-
crop-acreage-remains-low.aspx#.V-A4lDX9z-s. 
 
McBride, William D., Catherine Greene, Linda Foreman, and Mir Ali. The Profit Potential of Certified Organic 
Field Crop Production, ERR-188, U.S. Department of Agriculture, Economic Research Service, July 2015. 
 
McClelland, C. K. 1936. A Comparison between Mexican June and Three Other Varieties of Corn for Summer 
Planting 1. Agron. J. 28:799-806. doi:10.2134/agronj1936.00021962002800100003x 
 
Moore, S.M., K.J. Stadler, D.C. Beitz, C.H. Stahl, W.A. Fithian, and K. Bregendahl. 2008. The correlation of 
chemical and physical maize kernel traits with production performance in broiler chickens and laying hens. 
Poult. Sci. 87:665–676. doi:10.3382/ ps.2007-00184 
 
Munck, L. 1972. Improvement of nutritional value in cereals. Mendelian Society of Lund. Swedish Seed 
Association, Svalof Institute of Genetics, University of Lund, Sweden. Hereditas 72: 1-128 (1972). 
 
K.E. Karlsson, and A. Hagberg. 1970. Gene for improved nutritional value in barley seed protein. Science 168: 
985-987.  
 
Murphy, K.M., Campbell, K.G., Lyon, R.S., & Jones, S.S. 2007. Evidence of varietal adaptation to organic 
farming systems. Field Crop Res. 102:172–177. 
		
16 
 
National Research Council. 1988. Quality protein maize. National Aquino, P., F. Carrion, R. Calvo, and D. 
Flores. 2001. Selected maize Academy Press, Washington, DC 
 
Peterson, D. M. 2000. Protein. In: C. F. Murphy, D. M. Peterson, editors, Designing Crops for Added Value, 
Agron. Monogr. 40. ASA, CSSA, SSSA, Madison, WI. p. 151-166. doi:10.2134/agronmonogr40.c8 
 
Pixley, K. V., and M. S. Bjarnason. 2002. Stability of Grain Yield, Endosperm Modification, and Protein 
Quality of Hybrid and Open-Pollinated Quality Protein Maize (QPM) Cultivars. Crop Sci. 42:1882-1890. 
doi:10.2135/cropsci2002.1882 
 
Puskaric, V., Pioneer Hi-Bred International, Inc.. 1989. Inbred corn line PHK05. US Patent Number 
4,806,669. USPTO database link to U.S. Patent 4,806,669  
 
Pixley, K.V. 2006. Hybrid and open-pollinated varieties in modern agriculture. In: Lamkey, K.R., and  Lee, M. , 
editors, Plant breeding: The Arnel R. Hallauer International Symposium. Blackwell Publ. Professional, Ames, 
Iowa. p. 234–250. 
 
Rosales, A., L. Galicia, E. Oviedo, C. Islas, and N. Palacios-Rojas. 2011. Near-infrared reflectance 
spectroscopy (NIRS) for protein, tryptophan, and lysine evaluation in quality protein maize (QPM) breeding 
programs. J. Agric. Food Chem. 59:10781– 10786. doi:10.1021/jf201468x 
 
Ross A. 2006. Vitamin A and Carotenoids. In: Shils M, Shike M, Ross A, Caballero B, Cousins R, eds. Modern 
Nutrition in Health and Disease. 10th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2006:351-75. 
 
Ross CA. 2010. Vitamin A. In: Coates PM, Betz JM, Blackman MR, et al., eds. Encyclopedia of Dietary 
Supplements. 2nd ed. London and New York: Informa Healthcare; 2010:778-91. 
 
Salhuana, W., L.M. Pollak, M. Ferrer, O. Paratori, and G. Vivo. 1998. Agronomic evaluation of maize 
accessions from Argentina, Chile, USA, and Uruguay. Crop Sci. 38:866–872. 
doi:10.2135/cropsci1998.0011183X003800030040x 
 
SARE Final Report for FNC00-301. 2000. Heritage Maize Project. North Central Sustainable Agriculture 
Research & Education https://projects.sare.org/project-reports/fnc00-301/ 
SAS Institute Inc. 2016, Using JMP® Pro13.1.0 (64-bit). Cary, NC, 1989-2016. Copyright © 2010, SAS 
Institute Inc., Cary, NC, USA ISBN 978-1-60764-599-3 All rights reserved. Produced in the United States of 
America. 
Samayoa, L. F., R. A. Malvar, J. Moreno-González, A. Ordás, and P. Revilla. 2016. Evaluation of White Maize 
Populations for Quality and Agronomic Performance. Crop Sci. 56:1173-1178. 
doi:10.2135/cropsci2015.08.0497 
 
Seebauer, J.R., G.W. Singletary, P.M. Krumpelman, M.L. Ruffo, and F.E. Below. 2010. Relationship of source 
and sink in determining kernel composition of maize. J. Exp. Bot. 61:511–519. doi:10.1093/jxb/erp324 
 
Underwood, B., and P. Arthur. 1996. The contribution of vitamin A to public health. FASEB J. 10:1040–1048. 
 
Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R., Polasky, S., 2002. Agricultural sustainability and 
intensive production practices. Nature 418, 671–677. 
 
USDA-Economic Research Service (ERS). 2011. Calculations from USDA National Agricultural Statistics 
Service 2011 certified organic production survey and crop production 2011 summary, USDA-ERS, 
Washington, D.C. 
 
		
17 
Vasal, S.K. 2004 The role of high lysine cereals in animal and human nutrition in Asia. Protein sources for the 
Animal Feed Industry. Expert Consultation and Workshop Bangkok The International Maize and Wheat 
Improvement Center (CIMMYT)-Mexico. Food and Agriculture Organization of the United Nations. Rome, 
Italy. 
 
West, K.P., and I. Darnton-Hill. 2008. Vitamin A deficiency. In: Semba, R. D., and  Bloem, M. , 
editors, Nutrition and health in developing countries, 2nd ed. The Humana Press, Inc., Totowa, NJ. p. 377–433. 
 
Will, George F., Hyde., George E. Corn among the Indians of the upper Missouri 1917. Lincoln: University of 
Nebraska Press, 1964, c1917 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
		
18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Commercial Hybrids are highlighted with dark green stripes within Yield/Protein/Starch/Oil/Density 
Distribution of all genotypes in all environments. The minimum, maximum, lower and upper quartile and 
median values are represented by the box and whisker plot above the histogram boxplot. The mean is 
represented by the diamond in the rectangle. Quantile range outliers are determined by studentized residuals 
greater than 3.5.  
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Figure 2. HN Hybrids are highlighted with dark green stripes within Yield/Protein/Starch/Oil/Density 
Distribution of all genotypes in all plots. 
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Figure 3. Open Pollinated Varieties are highlighted with dark green stripes within 
Yield/Protein/Starch/Oil/Density Distribution of all genotypes in all environments. 
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Figure 4. Plot graph of Zeaxanthin by Genotype showing the 2016 and 2017 carotenoid profiles 
and how high the OPV Dziekuje is compared to the other genotypes for this trait. 
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Figure 5. Environment Color 
Code 
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Figure 6. Graph of Yield by Genotype in each Environment. 
The significance threshold used was 0.05. 
   
The line in the center of the green diamonds represent the median yield. The second line 
shown on some of the diamonds represents the standard error at 1.6827 on either side on 
the mean. The standard error uses a pooled estimate of error variance in this analysis.  
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Figure 7. Graph of Protein Concentration by Genotype in each Environment 
The line in the center of the green diamonds represent the median protein concentration. The 
second line shown on some of the diamonds represents the standard error at 1.6827 on either 
side on the mean. The standard error uses a pooled estimate of error variance in this analysis.  
The significance threshold used was 0.05. 
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The line in the center of the green diamonds represent the median starch concentration. The 
second line shown on some of the diamonds represents the standard error at 1.6827 on either 
side on the mean. The standard error uses a pooled estimate of error variance in this analysis.  
The significance threshold used was 0.05.  
Figure 8. Graph of Starch concentration by Genotype in each Environment 
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Figure 9. Graph of Oil concentration by Genotype in each Environment 
The line in the center of the green diamonds represent the median for oil concentration. The second 
line shown on some of the diamonds represents the standard error at 1.6827 on either side on the 
mean. The standard error uses a pooled estimate of error variance in this analysis. The significance 
threshold used was 0.05. 
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Figure 10. Graph of Density g/cm3 by Genotype in each Environment 
Significant at α=0.05 
 The line in the center of the green diamonds represent the median for density. The second line 
shown on some of the diamonds represents the standard error at 1.6827 on either side on the mean. 
The standard error uses a pooled estimate of error variance in this analysis.  The significance 
threshold used was 0.05. 
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 Yield Mg/Ha Protein % Starch % Oil % Density 
g/cm3 
Variance 
components 
DF SS Prob > F SS Prob>
F 
SS Prob>
F 
SS Prob>
F 
SS Prob>
F 
Genotype 19 212.50
3 
<.0001** 208.61 <.0001
** 
359.62 <.0001
** 
92.072
6 
<.0001
** 
79.13 <.000
1** 
Environment 5 511.73
6 
<.0001** 224.89 <.0001
** 
164.09 <.0001
** 
108.81 <.0001
** 
151.31 <.000
1** 
Genotype x 
Environment 
95 362.21
4 
<.0040** 92.777 <.0001
** 
79.58 <.0001
** 
5.45 <.0001
** 
3.65 <.000
1** 
Model 119 1126.2
21 
<.0001** 542.01 <.0001
** 
645.26 <.0001
** 
75.86 <.0001
** 
.601 <.000
1** 
Error 100 221.92
2 
 29.16  24.42  2.77  .022  
 Total 219 1348.1
42 
 571.16  669.67  78.63  .624  
R2   0.835  .949  .964 .96  .964  
Table 2. Significant tests of variance components Genotype, Environment and GxE for Yield Mg/Ha, 
Protein, Oil, Starch concentrations and Density g/cm3.  
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Table 3. Contrasts between least squares means  
YIELD - Mg/Ha 
Group 1 n Mean Group 2 n Mean P-value SS Estimate Difference in 
Mean 
C. Hybrids 7 4.956 HN Hybrids 6 4.155 0.0147** 13.67 0.6415 .8 Mg/Ha 
All Hybrids 13 4.586 OP Varieties 7 3.190 0.0003** 80.16 1.3087 1.396 Mg/Ha 
PROTEIN PERCENTAGE 
C. Hybrids 7 8.11 HN Hybrids 6 11.39 <.0001** 91.8 -1.662 -3.28% 
All Hybrids 13 9.75 OP Varieties 7 11.35 <.0001** 39.49 -0.919 -1.6% 
HN Hybrids 6 11.39 OP Varieties 7 11.35 0.801 .019 -.024 .04% 
STARCH PERCENTAGE 
C. Hybrids 7 70.309 HN  Hybrids 6 67.913 <.0001** 151.58 2.21 2.40% 
All Hybrids 13 69.203 OP Varieties 7 68.526 <.0001** 22.488 -0.919 0.677% 
**The significance threshold for all LSMean Contrasts is 0.05. 
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Table 4. Mean Carotene Profile for all Genotypes and genotype group means for CH, HNH 
and OPV from 2016 and 2017 test results. Red numbers indicate only 2016 results for these 
genotypes. αC was not detected in the 2017 test, therefore it is missing data. 
CH Genotypes  
Genotype Lutein Zeaxan-
thin 
β-CX αC 13-cis 
βC 
trans 
βC 
9-cis 
βC 
Total 
BC 
 T. 
VA 
Blue River Hybrid 14A91 11.098 7.539 0.700 0.229 0.187 0.598 0.275 1.096 1.393 
Blue River Hybrid 06B21 14.043 6.881 0.689 0.297 0.208 0.582 0.234 1.074 1.366 
Master Choice 4050 17.274 5.760 0.550 0.318 0.246 0.817 0.291 1.421 1.633 
.90-.91N Viking Hybrid 18.397 6.219 0.496 0.297 0.256 0.965 0.382 1.688 1.869 
.85-.90N Viking Hybrid 10.434 4.181 0.408 0.324 0.207 0.701 0.368 1.374 1.471 
.87-.80N Viking Hybrid 11.360 5.517 0.469 0.290 0.176 0.592 0.291 1.160 1.298 
Bejm Hybrid 10.721 5.914 0.958 0.418 0.256 0.864 0.438 1.680 2.168 
MEAN - CH 13.332 6.002 0.610 0.311 0.220 0.731 0.326 1.356 1.600 
MEAN - CH w/o Bejm 13.767 6.016 0.552 0.293 0.214 0.709 0.307 1.302 1.505 
HNH Genotypes 
CG Wigor 2009 x Wigor BC1 12.833 6.059 1.094 0.535 0.286 0.608 0.376 1.357 1.947 
PHK05.Ngor.. X LH119..15-
2-7-3-6-1 
17.134 7.008 0.935 0.452 0.195 0.527 0.256 1.044 1.570 
CG SS x LH119.LH132..15-
2-7-3-3-1 
18.600 8.509 0.935 0.391 0.204 0.727 0.217 1.232 1.727 
PHK05.Ngor X BS33 B.E. 
2006 191-4-2 
15.909 9.672 1.119 0.396 0.218 0.652 0.295 1.280 1.816 
PHK05.Ngor X 
LH119.LH123..15-2-7-3-3-3 
17.351 7.658 1.004 0.381 0.224 0.432 0.191 0.869 1.460 
PHK05.Ngor X 
LH119.LH123..11-2-2-4-2-1 
13.804 5.818 0.535 0.328 0.163 0.406 0.227 0.868 1.169 
MEAN - HNH 15.939 7.454 0.937 0.414 0.215 0.559 0.260 1.108 1.615 
OPV Genotypes 
Dziekuje - OP 12.399 18.796 2.949 0.508 0.380 1.985 0.480 3.032 4.543 
Pete Seeger - OP 8.974 2.940 0.317 0.216 0.207 0.637 0.234 1.096 1.296 
Dave F12 - OP 9.269 2.712 0.386 0.259 0.177 0.366 0.097 0.612 0.896 
VK RX 2300 - OP 10.232 3.001 0.434 0.280 0.192 0.607 0.272 1.111 1.341 
Wapsie Valley - OP 13.265 5.521 0.680 0.286 0.212 0.773 0.310 1.346 1.699 
Dublin - OP 12.835 4.742 0.445 0.305 0.175 0.628 0.296 1.173 1.410 
MN13 - OP 14.476 5.692 0.672 0.281 0.196 0.643 0.264 1.176 1.537 
MEAN - OPV 11.636 6.201 0.840 0.305 0.220 0.806 0.279 1.364 1.818 
MEAN - OPV w/o Dziekuje 11.508 4.101 0.489 0.271 0.193 0.609 0.245 1.086 1.363 
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Carotenoid 
ANOVA 
DF Lutein Zaeaxanthin B-CX Total BC  
 DF SS Prob>F SS Prob>F SS Prob>F SS Prob>F 
Genotype 19 356.2 .0019* 440.1 <.0001* 12.23 <.0001* 7.11 <.0001* 
Error 20 95.9  65.6  .63  .94  
Total 39 452.1  505.75  12.86  8.05  
F Ratio   3.91  7.06  20.49  7.95 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5. ANOVA of Carotenoid traits by Genotype for two tests (2016 and 2017) 
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Table 6. Multivariate analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
		
33 
Table 7. Yield Protein (Kg/Ha), Yield Carotenoid (ug/Ha) and Carotenoid/Protein Yield 
(ug/Ha) data calculated and displayed for all twenty genotypes. 
 
Genotype Protein 
% 
Yield 
Mg/H
a 
Theoretical 
Va (TVA) - 
ug/g 
Protein 
Yield  
(Kg/Ha) 
 
Carotenoid 
Yield 
(ug/Ha) 
 
Carotenoid/ 
Protein Yield 
(ug/Ha) 
Blue River Hybrid 
14A91 
9.07 4.70 1.39 426.29 6.55 .5937 
Blue River Hybrid 
06B21 
10.44 3.57 1.37 372.71 4.88 .5093 
Master Choice 4050 9.05 5.55 1.63 502.28 9.06 .8204 
.90-.91N Viking 
Hybrid 
8.80 6.74 1.87 593.12 12.60 1.1085 
.85-.90N Viking 
Hybrid 
10.07 5.21 1.47 524.65 7.66 .7716 
.87-.80N Viking 
Hybrid 
9.56 4.19 1.30 400.56 5.44 .5200 
CG Wigor 2009 x 
Wigor BC1 
12.53 3.19 1.95 399.71 6.21 .7782 
PHK05.Ngor.. X 
LH119..15-2-7-3-6-1 
10.95 3.38 1.57 370.11 5.31 .5809 
CG SS x 
LH119.LH132..15-2-7-
3-3-1 
11.53 3.90 1.73 449.67 6.73 .7765 
PHK05.Ngor X BS33 
B.E. 2006 191-4-2 
10.87 4.20 1.82 456.54 7.63 .8289 
PHK05.Ngor X 
LH119.LH123..15-2-7-
3-3-3 
11.53 4.34 1.46 500.40 6.34 .7304 
PHK05.Ngor X 
LH119.LH123..11-2-2-
4-2-1 
10.92 5.92 1.17 646.46 6.92 .7555 
Bejm Hybrid 10.82 4.75 2.17 513.95 10.30 1.1143 
Dziekuje 11.19 3.60 4.54 402.84 16.36 1.8302 
Pete Seeger 12.18 2.82 1.30 343.48 3.65 .4452 
Dave F12 11.62 2.66 0.90 309.09 2.38 .2771 
VK RX 2300 11.62 3.27 1.34 379.97 4.39 .5097 
Wapsie Valley 10.87 3.71 1.70 403.28 6.30 .6851 
Dublin 11.45 3.38 1.41 387.01 4.77 .5456 
MN13 10.50 2.89 1.54 303.45 4.44 .4665 
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Table 8: Mean values from all six environments of all traits for each genotype 
 
Genotype Mean 
Protein 
% 
Mean 
Starch 
% 
Mean Oil 
% 
Mean 
Density 
g/cm3 
Mean 
Yield 
Mg/Ha 
Blue River Hybrid 14A91 9.07 70.85 4.30 1.24 4.70 
Blue River Hybrid 06B21 10.44 69.47 4.60 1.26 3.57 
Master Choice 4050 9.05 71.12 4.19 1.25 5.55 
.90-.91N Viking Hybrid 8.80 70.98 4.62 1.26 6.74 
.85-.90N Viking Hybrid 10.07 70.51 4.15 1.28 5.21 
.87-.80N Viking Hybrid 9.56 70.54 4.29 1.26 4.19 
CG Wigor 2009 x Wigor BC1 12.53 67.20 5.11 1.28 3.19 
PHK05.Ngor.. X LH119..15-2-7-3-6-1 10.95 68.15 4.99 1.23 3.38 
CG SS x LH119.LH132..15-2-7-3-3-1 11.53 68.34 4.70 1.25 3.90 
PHK05.Ngor X BS33 B.E. 2006 191-
4-2 
10.87 67.72 5.33 1.20 4.20 
PHK05.Ngor X LH119.LH123..15-2-
7-3-3-3 
11.53 67.80 4.90 1.21 4.34 
PHK05.Ngor X LH119.LH123..11-2-
2-4-2-1 
10.92 68.27 4.83 1.22 5.92 
Bejm Hybrid 10.82 68.69 5.54 1.32 4.75 
Dziekuje 11.19 68.29 5.38 1.30 3.60 
Pete Seeger 12.18 68.47 4.72 1.31 2.82 
Dave F12 11.62 65.87 5.99 1.18 2.66 
VK RX 2300 11.62 69.08 4.51 1.33 3.27 
Wapsie Valley 10.87 69.56 4.52 1.30 3.71 
Dublin 11.45 68.71 4.47 1.28 3.38 
MN13 10.50 69.78 4.60 1.29 2.89 
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 Yield Mg/Ha Protein % Starch % Oil % Density 
g/cm3 
Variance 
components 
DF SS Prob 
> F 
DF SS Prob
>F 
DF SS Prob>
F 
DF SS Prob>
F 
DF SS Prob>F 
Genotype 19 252.
27 
<.001
2** 
19 208.
61 
<.000
1** 
19 400.
40 
<.0001
** 
19 48.80 <.0001
** 
19 .37 <.0001*
* 
Error 200 1095
.87 
 199 224.
89 
<.000
1** 
199 267.
40 
 199 29.83  199 .25  
Total 219 1348
.142
4 
 218 92.7
77 
<.000
1** 
218 667.
80 
 218 78.63  218 .62  
*Significant at α=0.05 
 
Table 9. One-way ANOVA of treatments yield Mg/Ha, protein %, starch%, oil%, density g/cm3 by 
environment genotypes 
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Table 10. Displaying yield mean in Mg/Ha for each environment separately 
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Table 11. Displaying mean protein content percentage for each Environment separately.  
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Table 12. ANOVA of OPV showing variation in yield Mg/Ha 
 
 
 
 
 
 
 
 
 
*Significant at α=0.05 
 
